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Abstract 
Both the structural design and health monitoring are based on accurate values of 
inputs. Therefore, it has great meaning to obtain accurate input information in 
applications. However, either sensors may not be installed to measure the complete 
input and output information or some information is un-measurable. The price is too 
high when measuring input information directly. It is of great significance to develop 
methods to identify the inputs with partial responses.  
Kalman filter is a real-time recursive filter, which is insensitive to modeling 
errors. Consequently, it is widely applied in many fields, such as aeronautical 
engineering. Kalman filter will bring its immense advantages of real-time 
identification if combined with decentralized control. 
Meanwhile, the classical Kalman filter can only work with known inputs. It is 
highly desirable to come out with a method to overcome this disadvantage, and apply 
to decentralized control. 
Based on the backgrounds above, the main work of this thesis focuses on the 
followings: 
(1)Kalman filter with unknown inputs method was put forward to identify the 
states and inputs of structures. Combined with dummy-measurements, the proposed 
method can deal with the drifts brought by measurement noise. The feasibility of the 
method can be illustrated via numerical simulation of six-story frame structure and 
experiment of five-story frame structure. Moreover, the proposed method can be 
extended into the situations with unknown structural parameters. Conclusions can be 
drawn that the method can identify inputs accurately and in real-time. 
(2)Due to the assumption that in the sampling interval the force changes linearly, 
the method put forward in the second part is capable to identify the unknown inputs 
with unknown responses at the inputs‘ locations. A six-story shear frame and a truss 
are selected as numerical examples to verify the feasibility of the proposed method. 
On the other hand, it can take the modeling errors into consideration. 













   
decentralized control comes true with unknown responses at the interface DOFs. The 
disturbing forces at the interface DOFs of substructure can be solved by the 
Newmark-β numerical integral method. To investigate the applicability of the method 
proposed in the third part, two different cases: the coupling building and tall building 
are discussed, which prove the effectiveness of the completely decentralized control. 
(4)In this part, the method proposed in the second part is proved to be insensitive 
to the stiffness modeling errors, comparing with the Newmark-β numerical integral 
method. It not only makes the completely decentralized control work, but also be 
insensitive to modeling errors, which is more meaningful in practice. 
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       Y H X
 (1-1) 
其中，  H 、  X 、  Y 分别为结构参数特征函数的时程信息  th 、
待识别结构输入荷载的时程信息  tx 、结构响应时程信息  ty 的傅里叶变换。 
频域法可以大致分为两类，求逆法和模态模型法。前者是用频响函数矩阵的
广义逆矩阵与响应谱矩阵相乘，得到待识别荷载频域信息。频域上的结构输入荷
载识别问题就是求解  X 。 
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